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Abstract
Background: Cannabis dependence is a significant public health problem. Because there are no approved medications for
this condition, treatment must rely on behavioral approaches empirically complemented by such lifestyle change as
exercise.
Aims: To examine the effects of moderate aerobic exercise on cannabis craving and use in cannabis dependent adults under
normal living conditions.
Design: Participants attended 10 supervised 30-min treadmill exercise sessions standardized using heart rate (HR)
monitoring (60–70% HR reserve) over 2 weeks. Exercise sessions were conducted by exercise physiologists under medical
oversight.
Participants: Sedentary or minimally active non-treatment seeking cannabis-dependent adults (n = 12, age 2563 years, 8
females) met criteria for primary cannabis dependence using the Substance Abuse module of the Structured Clinical
Interview for DSM-IV (SCID).
Measurements: Self-reported drug use was assessed for 1-week before, during, and 2-weeks after the study. Participants
viewed visual cannabis cues before and after exercise in conjunction with assessment of subjective cannabis craving using
the Marijuana Craving Questionnaire (MCQ-SF).
Findings: Daily cannabis use within the run-in period was 5.9 joints per day (SD = 3.1, range 1.8–10.9). Average cannabis use
levels within the exercise (2.8 joints, SD = 1.6, range 0.9–5.4) and follow-up (4.1 joints, SD = 2.5, range 1.1–9.5) periods were
lower than during the run-in period (both P,.005). Average MCQ factor scores for the pre- and post-exercise craving
assessments were reduced for compulsivity (P = .006), emotionality (P = .002), expectancy (P = .002), and purposefulness
(P = .002).
Conclusions: The findings of this pilot study warrant larger, adequately powered controlled trials to test the efficacy of
prescribed moderate aerobic exercise as a component of cannabis dependence treatment. The neurobiological mechanisms
that account for these beneficial effects on cannabis use may lead to understanding of the physical and emotional
underpinnings of cannabis dependence and recovery from this disorder.
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transportation and the study visits. The study was conducted
between March and August 2010. This manuscript does not
include results from the fMRI part of the protocol performed
separately (see Protocol S1).
Exclusion criteria included presence of another Axis 1 DSMIV diagnosis in the past 6 months, having a chronic medical or
neurological illness, and having taken any psychotropic or
vasoactive medications within 6 weeks of screen day. Also
excluded were persons who smoked more than 10 cigarettes per
day in the last year, and who had current dependence, as
determined by the SCID, on any psychoactive substance other
than nicotine and/or cannabinoids. Persons participating in an
organized form of exercise or exercised more than 2 h per week
[11] in the last month and persons having orthopedic or other
problems precluding them from performing the exercise protocol
were also excluded. Of those recruited, two (1 male, 1 female)
did not complete the study; therefore, these results are reported
on a final sample of 12 participants (age 24.862.9 years, 8
females).

Introduction
Cannabis abuse or dependence and complications have increased
in all age groups in the past decade in the United States. In 2009,
approximately 16.7 million (6.6%) Americans age 12 or older
reported cannabis use in the past month and 6.1 million used the
drug on 20 or more days per month [1]. Treatment admissions
primarily for cannabis dependence have also risen both in absolute
numbers (,1.2 million/year) and as a percentage of total addiction
treatment admissions, from 7% in 1998 to 16% in 2009 [1]. Hence,
there is a great public health need to develop safe and effective
therapeutic interventions for cannabis use disorders.
Since there are no US Food and Drug Administration (FDA) approved medications for cannabis dependence, treatment
currently relies primarily on behavioral approaches generically
used for treatment of all drug use disorders [2]. Aerobic exercise
training, empirically part of a healthy drug-free lifestyle, has been
considered as a promising behavioral approach in drug and
alcohol treatment programs. Most extensively studied has been the
effect of exercise on tobacco smoking. For example, a 2008
Cochrane Database reviewed 13 randomized trials in smokers or
recent quitters, enrolled in an exercise program and followed for
six months or more [3]. Certain of the reviewed studies showed
significantly higher abstinence rates in a physically active group in
comparison with a control group by the end of treatment [4].
However, to our knowledge, the direct effect of exercise on
cannabis use per se has not been previously reported. In two very
recent pilot studies, exercise training (2–6 months) was used as
treatment to reduce drug use in general. In the first study of 38
drug abusers (51% of whom abused cannabis), the 58% who
completed the program increased fitness level and improved
quality of life [5]. At the end of the exercise program, 15 of the 20
drug abusers at least downgraded their drug intake. In a second
study of 16 drug-dependent patients, those who participated in at
least 8 of 12 weekly exercise sessions had significantly better
substance use outcomes than those who did not [6].
Based on reports that aerobic exercise produces a host of
psychological effects potentially associated with reductions in
substance abuse [6,7,8,9], we hypothesized that the exercise may
generically alter reward circuits such that exercise takes the place
of cannabis use to a significant degree because of training, thereby
reducing cannabis use as exercise becomes more reinforcing. The
purpose of this pilot study was to examine the effects of a
supervised 2-week moderate exercise program on cannabis craving
and use in non-treatment seeking cannabis dependent adults in
their normal living environment.

Ethics Statement
Written informed consent was obtained from all participants
after they were given a complete description of the study. The
Institutional Review Board of Vanderbilt University approved the
protocol and consent procedure; see Consent Form S1 and
Approval Letter S1.

Study design
Sedentary or minimally active (,60 min/week of routine
exercise) cannabis-dependent adults participated in this 2-week
treadmill exercise program. After screening and a 7-day run-in
period, participants came for 10 scheduled and supervised exercise
intervention sessions (see Figure 1). On days with no exercise
session scheduled, participants were encouraged to follow their
daily routine and perform exercise in their normal living
environment. Participants were able to make up for missed
sessions with no more than 1 session per day. During the follow-up
period (2 weeks), participants were asked to continue their daily
routine without encouraging or discouraging them to continue
exercise. Self-reported drug use was assessed for 1-week before,
during, and 2-weeks after the exercise intervention.
At every session, before and after performing the exercise, each
participant was presented with a set of visual cannabis cues on a
computer monitor in conjunction with assessment of subjective
cannabis craving determined using the Marijuana Craving
Questionnaire (MCQ-SF) [12]. The cannabis -related cues
included pictures of cannabis in different forms, people using
cannabis, and paraphernalia. Three sets of cues were randomly
assigned and were viewed during a 2-minute session performed in
a separate semi-dark room.
Exercise protocol. Exercise was performed on a treadmill
(Vision Fitness, Lake Mills, WI, US) at a target intensity of 60%
of heart rate reserve that corresponds to approximately 60% of
maximal aerobic capacity [13] for 30 minutes. Heart rate reserve,
calculated as a difference between maximal and resting heart
rate, was used as an indicator of intensity for exercise
prescriptions [13] and monitored using an automatic monitor
(DINAMAPH PRO, GE, St. Paul, MN, US). The intensity was
adjusted to individual aerobic capacity and followed current
guidelines that recommend limited thresholds of exertion level
and time of exercise in sedentary populations [13]. All exercise
sessions were conducted by the study exercise physiologists under
medical oversight.

Materials and Methods
The protocol for this trial and the CONSORT checklist are
available as supporting information; see Checklist S1 and
Protocol S1.

Participants
We recruited for the aerobic exercise training program 14
cannabis-dependent adults who met criteria for primary cannabis
dependence according to the Substance Abuse module of the
Structured Clinical Interview for DSM-IV (SCID-IV)[10], but
who were not interested in reducing or quitting cannabis use or
seeking treatment. A positive urine drug test for cannabis on the
study day was an absolute criterion for participation. Participants
were recruited using flyers and by word of mouth, signed an
informed consent document approved by the Vanderbilt University Institutional Review Board, and were compensated for
PLoS ONE | www.plosone.org
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Figure 1. Experimental design. The study included Run-In (1 week), Exercise intervention (10 daily 30-minute treadmill sessions in ,2 weeks), and
Follow-Up (2 weeks) periods. Cannabis, other drug, caffeine and tobacco use were assessed from self-reports during all study periods. Cannabis
craving was assessed pre- and-post each exercise session after viewing cannabis-related visual cues.
doi:10.1371/journal.pone.0017465.g001

distributions; otherwise mean 6 SD are reported. Analysis of
differences in overall cannabis use between each of the run-in,
exercise, and follow-up periods were conducted using Wilcoxon
Signed Ranks tests. Friedman tests were used to analyze changes
in use within each of the periods. Wilcoxon Signed Ranks Tests
were used to assess the statistical significance of changes in
reported craving (MCQ Factor scores) from pre-to-post exercise.
An alpha level of .05 was used for determination of statistical
significance.

Outcome Measures
Cannabis-related cues were selected from
a variety of sources and altered using a visual graphics program to
ensure clarity, brightness, color balance, and size. The stimulus set
includes pictures of cannabis in different forms and its use (people
smoking joints) and related paraphernalia (e.g. bongs, pipes).
Craving was assessed after presentation of visual stimuli using the
Marijuana Craving Questionnaire (MCQ-SF) [12]. The MCQ-SF
is a Likert-based, 12-item self-assessment instrument for situational
cannabis craving measurement with four factors (compulsivity,
emotionality, expectancy, and purposefulness). The MCQ-SF
validity to monitor the course of change in craving over time has
been reported [12]. Each item is rated on a scale from 1 (strongly
disagree) to 7 (strongly agree). Each of the factors is comprised of 3
items. Scores for each of the factors are derived by averaging the
component item responses [14]. Internal consistency of the scores
as measured by the Cronbach’s alpha statistic were .86
(compulsivity), .93 (emotionality), .75 (expectancy), and .89
(purposefulness) scale in our study.
Comprehensive Drug Use Assessment. Lifetime drug use
was assessed using a questionnaire that follows principles of
Timeline Follow-back Method [15] and includes prompts for all
major classes of drugs and includes assessments of age at onset,
frequency of drug use, desired effects of drug or drug combination
use [16,17,18,19].
Current Drug Use. Participants received a calendar with
instructions on how to use it to record drug use during the run-in,
exercise intervention, and 2-week follow-up periods. Information
was collected daily during the run-in period and every 5–7 days
during the follow-up period. During the exercise intervention, the
information was collected daily from the participants. The record
included form (i.e. joints, blunts, bongs, chillums, bowls) and
quantity of cannabis used, as well as use of any other drugs and
alcohol. A trained interviewer reviewed the calendar with the
participant using the Timeline Follow-back Method [15] to verify
the information about drug use. Reported records were
independently reviewed for reliability and correctness and
entered into the statistical database.
Tobacco and caffeine use. Lifetime tobacco and caffeine
use history was assessed using a validated questionnaire and
current use was assessed daily by self-report [16,17,18,19].
Cannabis craving.

Results
Baseline Characteristics
Cannabis use history and current use patterns for the 12
participants are shown in Table 1. Regular cannabis use
commenced at a median age of 14 years, which is slightly younger
than the US average of 16.3 years (1), and the participants had
regularly used cannabis a median of 8.5 years ranging from 1 to 15
years. Median current weekly cannabis use was 33.5 standard
joints (min = 4, max = 140). Fifty percent of the participants also
smoked cigarettes and all participants drank approximately 1 cup
of coffee per day. Average time spent in moderate and vigorous
physical activity [11,13] was ,60 min/week.
Table 1. Characteristics of cannabis use by study participants
obtained from self-reports at baseline.

Statistical analysis

Age at initial cannabis use (years)

14.0
(12,18)

Age at regular cannabis use (years)

15.5
(12,21)

Length of cannabis use (years)

8.5
(1, 15)

Weekly cannabis use*

33.5
(7,140)

Monthly cannabis use

90.0
(14, 561)

Tobacco user

6 (50%)

*Major routes of cannabis administration were inhaling smoke from paperwrapped joints or water pipe (e.g., bong or bowl), or consumed orally (cannabis
added to baked brownies). Cannabis use was calculated in ‘‘standard joints’’,
where 1 joint equals 0.5 g of dry cannabis, 5 hits (deep inhalations) from a joint
or a bowl, or 0.5 bowl.
doi:10.1371/journal.pone.0017465.t001

Descriptive statistics were used to summarize the participant
characteristics, as well as the variables of interest in this study.
Because drug use history data were extremely skewed, median,
minimum and maximum values are presented to summarize those
PLoS ONE | www.plosone.org
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Figure 2. Cannabis use during the study. Mean (6 2 SEM) daily cannabis use (standard joints) during Run-In (1 week), Exercise Intervention (10
daily 30-minute treadmill sessions in ,2 weeks), and Follow-Up (2 weeks). Cannabis use was calculated as ‘‘standard joints’’ where 1 joint equals 0.5 g
of dry cannabis, 5 hits (deep inhalations) from a joint or a bowl, or 0.5 bowl. * - Decrease from Run-In period (P = 0.002). ** - Decrease in daily use from
period onset (P = 0.006). *** - Increase in daily use from period onset (P = 0.003).
doi:10.1371/journal.pone.0017465.g002

follow-up period (P = .003). While as noted, the average use within
the follow-up period remained statistically significantly lower than
the run-in period, use within the follow-up period was statistically
significantly greater than during the exercise period (P = .010).

Protocol Adherence
The program goal of 10 planned exercise sessions was met by all
of these participants over 1562 day-period (min = 12, max = 19).
The mean intensity for all exercise sessions was within the
moderate range (65–75% age-predicted heart rate).

Cannabis Craving
Cannabis Use

Measures of cannabis craving are shown in Figure 3. Patterns of
change over the exercise sessions within each of the pre- and postexercise periods were not statistically significant. Therefore, those
values were aggregated over the ten exercise sessions to generate
average MCQ factor scores for the pre- and post-exercise craving
assessments. Statistically significant reductions in average MCQ
pre- to post-exercise factor scores were observed for compulsivity
(P = .006), emotionality (P = .002), expectancy (P = .002), and
purposefulness (P = .002).

Daily cannabis use over the duration of the study is shown in
Figure 2. Average use per day for all subjects during the run-in
period was 5.9 joints per day (SD = 3.1) with a minimum average
over the period of 1.8 and maximum average of 10.9 joints per day
among subjects. During the exercise period, average use decreased
to approximately 2.8 joints (SD = 1.6, min = 0.9, max = 5.4). Use
increased on average during the follow-up period to 4.1 joints
(SD = 2.5, min = 1.1, max = 9.5). Average cannabis use levels
during the exercise and follow-up periods were statistically
significantly lower than in the run-in period (both P = .002).
There was a steady and statistically significant decrease in use per
day during the exercise period (P = .006) with a corresponding
statistically significant pattern of increase in use per day during the

Discussion
This study shows for the first time that participation in a
supervised 2-week aerobic exercise program can reduce cannabis

Figure 3. Cannabis craving during the exercise sessions. Box plots represent aggregated cannabis craving factor scores elicited by cannabis
cues viewed before and after the standardized exercise sessions during Exercise Intervention (10 daily 30-minute treadmill sessions in ,2 weeks). The
cannabis craving factor scores were obtained from the cannabis-craving questionnaire (MCQ-SF) [12]. Changes in the cannabis craving factor scores
from pre-to-post exercise were assessed using Wilcoxon Signed Ranks Tests. Each box represents middle 50% of results and horizontal line inside
each box represents median for the score. *- Significant decrease from pre-exercise sessions (P,0.05).
doi:10.1371/journal.pone.0017465.g003
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use in non-treatment seeking adults who meet criteria for cannabis
dependence. Our findings also show that after exercise program
completion, cannabis use significantly increased towards pretreatment levels. Observed enduring effects were very likely caused
by a relatively short (2 weeks) follow up and may well have
returned to the baseline level with a longer period of observation.
Consistent with the changes in cannabis use reported by
participants, subjective cravings elicited by cannabis cues were
also significantly reduced by exercise, suggesting the possibility
that the potential therapeutic effect of exercise may be mediated
via brain mechanisms responsible for cue-induced craving.
Why occasional self-administration of rewarding drugs can
progress to out-of-control use or conversely, how some individuals
engaged in such a self-destructive pattern of drug use may
eventually stop taking drugs and recover from addiction have not
been fully elucidated. However, learning-related processes,
particularly in brain reward circuits, have been considered a
partial explanation [20]. These same brain mechanisms have been
invoked in behavioral addictions involving non-drug rewards, as is
observed in overeating and obesity, problematic hypersexuality,
and pathological gambling [21]. Analogously, it has been reported
that exercise activates some of the same reward pathways as are
activated by addictive drugs. For instance, acute bouts of exercise
increase central dopamine concentrations [22,23,24,25] and
chronic exercise leads to sustained increases in dopamine
concentrations and compensatory alterations in dopamine binding
proteins in brain regions relevant to reward [26,27,28]. Moreover,
aerobic exercise produces a host of beneficial effects, including
improved self-esteem, weight control, and diminished depressive
symptoms [29,30,31,32,33,34].
It is not fully understood how exercise may affect drug use in
general or cannabis use in particular because exercise is by no
means universally rewarding. For instance, vigorous exercise
intensities above the lactate threshold (a marker of aerobic exercise
intensity) actually induce more negative affective responses than
sub-threshold, self-selected exercise intensities[35]. It is hypothesized that this aversive exercise intensity threshold can be shifted to
a higher level with training and hence may progressively make
exercise more compelling even in those in whom it was initially
aversive. Therefore, while it seems reasonable that rewarding
effects of physical activity associated with exercise have the
potential to supplant other behaviors such as drug use in the
behavioral repertoire, this seems even more plausible over time
with physical training.
A possible explanation for the beneficial effects of exercise on
cannabis consumption may relate to affective changes associated
with exercise that may alter cannabis use by diminishing
depression and/or anxiety. For example, intermediary metabolism
in muscle may be linked to affective changes as has been suggested
by research on brain mechanisms of anxiety as triggered by lactate
infusions [36]. An important question for future research is
whether the beneficial effects of exercise on cannabis dependence
are maintained over the long term as the present study was of
relatively short duration. In addition, the neurobiological underpinnings of these beneficial effects on behavior may enhance our
understanding of both cannabis dependence and recovery from
this condition. Finally, the brain and peripheral mechanisms that
account for these reductions in cannabis use may lead to valuable
understanding of wellness, both physical and emotional.
Our study has several strengths. First, our study included
cannabis users who were not interested in treatment, which
suggests that this approach may be even more effective in
individuals who are motivated to stop or limit cannabis use.
Second, the study intervention was monitored and the treatment
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was adjusted to individual aerobic capacity eliminating a potential
bias with exercise intensity and adherence.
Our study also has some limitations. First, we did not include a
control condition but our goal was to assess the feasibility of
conducting such studies and to determine any effects of this
intervention on individual cannabis use. It is possible that other
forms of intervention such as isometric exercise or body image
methods will show effects similar to exercise as is the case in studies
with tobacco (nicotine) dependence [37]. It has been shown that
when smoked cannabis is mixed with tobacco, so that the
consumption of cannabis is associated with tobacco smoking,
cannabis use impedes the users’ attempts to quit tobacco smoking
[38,39]. Second, our sample was relatively small. However, that
we observed a highly significant effect even with these small
numbers suggests an important effect size. Finally, we used selfreport to assess cannabis use in a free-living environment with all
its limitations. There is not a reliable and objective method to
assess cannabis use in normal free-living environment since
cannabinoid elimination from bodily fluids has such a long halflife. Consequently, most studies of cannabis consumption rely on
self-reports. Nevertheless, self-report methods as we have employed in this study do provide reliable results, do not affect
adherence, and are not burdensome to participants. The strategies
we used to increase compliance (monetary incentives, follow-ups
for missed appointments) while designed to increase validity,
nevertheless reduced generalizability of our findings.
In summary, we found that participation in a supervised
moderate exercise program could decrease cannabis use in
association with reduced cannabis cue-induced craving in
cannabis-dependent young adults who were not seeking treatment.
Taken together, the findings of this pilot study suggest that a
larger, adequately powered controlled trial is warranted to test the
efficacy of moderate exercise as a component of treatment for
cannabis dependence under real-world conditions. Such a study
should also test the efficacy of a longer exercise program to
determine the duration of treatment effects. Additionally, these
studies should include a more diverse (age, ethnicity) population of
individuals and especially cannabis dependent individuals who are
motivated to seek abstinence from cannabis.
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